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ABSTRACT / / / Y, b
Plate from a new heat of airmelted 18Ni-7Co-5Mo maraging steel

has been evaluated and the results are compared to those obtained
on a previously evaluated heat. Hardness, uniaxial tensile
properties, and toughness were determined after selected aging
treatments. The properties obtained on the new heat of material
coincide reasonably well with those of the previously eVélﬁated
heat, although some differences do exist. Metallographic examin-
ation revealed the presence of inclusions and banding which may
have a significant influence on properties. A?b7ﬁév?/




INTRODUCTION

This program is being conducted under the sponsorship of NASA,
Space Vehicle Research and Technology. The purpose is to
determine whether the properties of 18Ni-T7Co-5Mo maraging
steel and the associated processing techniques are presently

appliceble to space launch vehicle construction.

During the last two years, Douglas Aircraft Co. and Newport

News Shipbuilding and Dry Dock Co. conducted a joint company-
sponsored research and development program to evaluate 3/h-inch
thick airmelted 18Ni-T7Co-5Mo plate. The program was under-
taken to determine the properties and fabricability of the alloy,
and to define potential problem areas.

Under the current NASA contract, 3/&—1nch thick plate from two
new heats of airmelted 18Ni-T7Co-5Mo steel will be evaluated
and the results compared to those obtained in the Douglas-
Newport News program.

Included in the present program are evaluations of the effects
of aging treatment on uniaxial tensile properties and fracture
toughness of both parent material and welds. Welds will be
made in plate from one of the two new heats using the inert-
gas shielded metal arc techniques and a filler wire selected
during the earlier company-sponsored program. The results of
the weld tests will be compared with the earlier weld data to
determine whether or not these processes are reproducible and
suitable for production application.

In addition, the sustained-load behavior of plate and weldments
in environments normally associated with proof testing will be
investigated.
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This first progress report presents the results obtained on
one plate from one of the two new heats to be evaluated.
The results include data on uniaxial tensile properties,
fracture toughness, dimensional and soundness inspection,
chemical analyses, and metallographic examinations.

MATERIAL AND PROCEDURES

Plate

The plate evaluated in the earlier company-sponsored pro-
This material was part of a twenty-two ton melt produced by
U. S. Steel Corporation by electric furnace, air-melt
techniques. Two plates, approximately 240-in. X 110-in X
3/4-in. were used in the evaluation.

gram shall hereafter be referred to as "Heat-1" plate (Ref. 1).

Material procured for this NASA study will come from two
different heats. These heats shall hereafter be referred
to as "Heat-A" and "Heat-B", respectively.

Heat-A material was received as one air melted plate approx-
imately 84-in. X 60-in. X 3/4-in. This plate was selected
for evaluation because the titanium content is at the lower
limit of the nominal range for the 250 ksi grade 18-7-5 alloy.

Table 1 presents the chemical compositions of Heat-1 and
Heat-A plate. Douglas, Newport News, and U. S. Steel analyses
are presented for Heat-A. The three agree quite closely.
Heat-l and Heat-A compositions are very similar except for
the titanium content.

Heat-B material was ordered per tentative Douglas Specific-
ation DMS 1835. This specification is presented in Appendix I.

Plate Inspection Procedures

Plates from both heats were ultrasonically inspected for
thickness uniformity and soundness upon receipt at Newport
News. Pulse echo techniques were employed for test of
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soundness using standard shipyard practices. Inspection
points were located on a six inch grid intersect.

Plate lLayout

Figure 1 and 2 show the plate layouts use for Heat-l.
Specimen numbers are indicated on the layout. TFigure 3
shows the Heat-A layout. Plasma arc cutting and abrasive

saving were used to cut the rough blanks.
Test Specimen Types and Testing

Uniaxial tensile data were obtained using 0.505-inch
diameter specimens illustrated in Figure 4. Fracture
toughness was evaluated using the 24" X 3" X 3/4" specimen,
Figure 5, with a centrally located shallow crack. The
shallow crack was induced by means of flexural fatigue as
described in Section 2.6. Fracture toughness evaluations
conducted during the joint Douglas-Newport News program
were performed with 48" X 4" X 3/4" specimens illustrated
in Figure 6.

load rates were maintained at approximately 100,000 pounds
per minute for both tensile and fracture toughness testing.
All tests were conducted in the ambient atmosphere at
temperatures ranging from 72 to T779F, and with dew points
from 50 to 55CF.

Heat Treatment Procedures

All aging heat treatments were performed on as-machined
specimens taken from the as-received, mill-annealed, plate.
The mill anneasl was performed at 1500°F for 1 hour followed

by air cooling. All specimens were heat treated in convective

air furnaces. Specimens were batch loaded into a hot furnace

previously heated to the desired aging temperature. The

specimens were then allowed to come to thermal equilibrium

with the furnace before the nominal aging period was started.
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Temperature was monitored by means of six independent
thermocouples located at different positions within the
furnace. The attainment of thermal equilibrium took
approximately 30 to 45 minutes. Once thermal equilibrium
wvas achiaved, temperature control was maintained to within
+ 5°OF,

The majority of the 0.505-inch diarm
were furnace loaded in four bundles of four specimens each

(two transverse and two longitudinal) at each of the four

aging temperatures employed. Monitoring thermocouples were
attached to each bundle. Four-specimen bundles were removed,
successively, after each of four aging periods and subseqguently
air cooled in ambient still air to room temperature.

Six 0.505-inch diameter specimens used to check the tensile
properties of the Heat-A plate were heat treated in one load
at 900F for 3 hours. The six 24" X 3" X 3/4" fracture tough-
ness specimens were also heat treated in a single load at

900C0F for 3 hours.
Preparation of Shallow-Crack Specimens

Shallow cracks were induced in the fracture toughness specimens
by means of & flexural fatigue procedure similar to that
described in Douglas Laboratory Procedure, DLP 13.822 presented
in Appendix II. The DLP presents the procedure used for sheet
material, rather than plate. However, the general procedures
are identical for sheet and plate.

Approximately 5,000 cycles were required to initiate a visible
crack, and up to 15,000 cycles (at 110 cycles per minute)
wvere needed to achieve the desired crack size.

RESULTS AND DISCUSSION

Dimensional, Soundness and Hardness Inspection

Ultrasonic inspection failed to indicate any defects, rejectable
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per DMS 1835, in either Heat-1 or A plates.

Thickness traverse data are tabulated in Tables II thru IV.

The tolerances for Heat-1 plates exceed the maximum specified
in AMS 2252 (plus O.O4k, minus 0.010-in.) ranging between
0.750-in. plus 0.059, minus zero for plate 1 and plus 0.088,
minus zero for plate 2. Heat-A plate thickness ranges between
0.750 plus 0.04li, minus zero. The latter boarders on the upper

limit of AMS 2252 requirements.

Plate surfaces are characterized by a rather tenacious mill
scale which is not readily removed by grit blasting. The
thickness of the scale is approximately 0.001 inches and does
not appear to be damaging.

The hardness of the as-received plate averaged 34 Rockwell C,
and ranged from 32 to 34.5 Rockwell C. These values are at
the limit specified in DMS 1835.

Metallographic Examination

Metallographic specimens were examined from Heat-A plate in
the as-received mill-annealed condition. Both transverse and
longitudinal sections were examined. Figure 7 illustrates
characteristic microstructures. Figure T-a represents the
general appearance for both longitudinal and transverse
specimens. Banding is prevalent and is more pronounced on
transverse than on longitudinal sections. Similar micro-

structures were observed for Heat-l plate.

Figure 7-b illustrates s Lype of iaclusio. found very
occasionally. This type of Zrzlusicn apreers predominately
within light etching bands. The extremities of the inclusions
appear to be bounded by sharp cornered voids. The voids may
have been produced by selective etching; however, in all
probability they were induced during plate rclling when the
inclusions failed to deform and elongate into the surrounding
material. Positive identification of this type of inclusion
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is not available, however, other investigators have suggested
the possibility of a complex titanium-carbon-nitrogen |
intermetallic phase. The effects that these inclusions may
have on properties are not presently known.

Tensile Property Check

Six 0.505 tensile specimens, aged at 900CF for 3 hours, were
tensile tested to determine whether or not Heat-A plate

possessed the minimum property requirements specified in
DMS 1835. Table V presents the data. The properties exceed

the minimum requirements of the specification.

Effect of Rolling Direction and Aging Treatment on Tensile
Properties

Figures 8 thru 12 shov the effect of aging time and temper-
ature on the uniaxial tensile properties of both transverse
and longitudinal 0.505-in. diameter specimens from the Heat-A
plate. Data shown are for aging temperatures of 875,900 and
9500F and aging times of 1, 3, 6, and 12 hours. Each point
represents an individual test specimen.

Data for Heat-l are shown in Figure 11. Specimens were
aged for times of 1, 3, 8, or 15 hours. Yield stress data
are not illustrated in Figure 1l since values for the range
were not obtained. Tabulated data for both Heat-l and
Heat-A are presented in Appendix III. Heats-l and A are

compared in Figure 12.

The data may be summarized as follows:

1. The tensile properties of Heat-1 plate are essentially
constant after aging at 900 to 950°F (Figure 11) for
3 to 8 hours. Aging at 900 and 925OF for 15 hours
produces very little changes compared to shorter aging
times at the same temperatures.

2. Heat-l plate aged at 875°F (Figure 11) exhibits increasing
tensile strength with increasing aging time. After




3 hours at 8750F the strength is significantly lower
than that achieved upon aging at 900 to 950°F. However,
from 8 to 15 hours the strength levels are about equal
after aging from 875 to 950°F. Ductility remains
virtually constant for all conditions.

Aging of Heat-1 plate at 1000°F (Figure 11) produces
continuous degradation of strength between 1 and 8 hours
exposure. At the same time, ductility tends to increase

ly. The tensile properties after

to 3 hours at 1000°F are about the same as those achieved
by 3 hour aging at 875C°F. After 3 hours, howvever the
strengths obtained after 875°F and 1000OF aging diverge
considerably.

Heat-A plate aged at 875°F (Figure 8) and 900°F (Figure 9)
from 1 to 12 hours exhibit nearly the same tensile properties.
However at 875CF tensile strength appears to be increasing
after 12 hours while at 900°F a plateau seems to have been
reached. Transverse properties tend to be somewhat inferior
to longitudinal, however, the differences are rather small.

Heat-A plate aged at 950°F (Figure 10) attains peak
strength after a 3 hour aging treatment. Thereafter,
strength decreases gradually with increasing time. This
behavior is typical of a precipitation hardenable alloy
system. Ductility is not decisively affected by the
aging treatment. The strength achieved at 950°F is
considerably lower than that attained by aging at 875

or 900°F. The strength of transverse specimens is about
equal to or slightly better than longitudinal specimens;
however, the ductility of transverse specimens is some-

what poorer than longitudinal specimens.

Figure 12 permits a direct comparison of Heat-l and A.
Although no startling differences exist, the differences
that de prevail are striking in view of the very similar




chemical compositions. Heat-A plate appears to respond
to an 8750F aging treatment quicker than Heat-l but both
reach about the same strength level after prolonged aging.
Within the range investigated, properties after 900°F
aging are quite similar. The greatest apparent difference
persists after 950°F aging. Heat-A exhibits consistently
lower strength, but even more significantly pronounced
overaging characterizes this heat. Heat-l exhibits no
tendency towards overaging within the time range evaluated
(3 to 8 hours). Since titanium is the principal com-
positional difference, the latter observation suggests

the possibility that titanium may impart resistance to

overaging.
3.5 Effects of Aging Treatment on Hardness

The dependence of hardness on the aging treatment is depicted
graphically in Figures 13 and 14 for both heats. Each point
represents the average of four to eight identations. As may
be seen, hardness remains very nearly constant over a wide
range of aging times and temperatures. Consequently, hard-
ness cannot be correlated closely to tensile properties.

Heat-l plate is somewhat harder than Heat-A, especielly after
950°F aging treatments. This difference coincides with the
tensile property differences observed after the 950CF treatment.
However, it is doubtful that such hardness disparities could

be used to predict tensile property differences, especially
where compositional differences are greater than those which
prevail between Heat-1 and A material.

3.6 Net-Fracture Stress

Figure 15 describes the dependence of net-fracture stress
(failing load divided by the net section area, i.e., gage

area less crack area) on shallow-crack depth for Heats-1 and

A plate. The specimens were aged for 3 hours at 900OF. Heat-1
data are for longitudinal specimens only, while both trans-




verse and longitudinal data are presented for Heat-A. Crack
depth, rather than another crack shape paremeter, was selected
as the independent variable. However, it should be recognized
that depth alone may not be the most significant crack shape
parameter. Additional comments on this point will be made in
future progress reports. Data on crack length, depth, and
gross fracture stress are presented in Tables VI and VII.

The results 4
stress of Heat-l plate remains constant until a crack depth
of approximastely 0.110 inches is reached. Thereafter, the
net-fracture stress decreases steadily with increasing crack
depth. Heat-A data exhibit very close agreement with that

for Heat-l. The longitudinal properties of Heat-A may be
slightly superior to those for Heat-l, but the differences are
quite small. The transverse properties of Heat-A plate appear
to be somevhat inferior to the longitudinal properties. This
may be ascertained by comparing the net-fracture stresses for

approximately identical crack sizes.
Plain Strain Fracture Toughness

Plain strain fracture toughness values, Kic, are presented in
Tables VI and VII for both heats. The values were calculated
from Irwin's equation (Ref. 2), as follows:

2y
K1c ="/ 82-0 212 (=— = )2

vhere
/ ’Vé (az-bd) Sin29 4de

2a = Crack length

b = Crack depth

S = Gross-fracture stress

C{;: 0.2% offset yield strength
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Values of Kjc for plate from both heats fall within the range
of 100 to 125 ksiiqﬁt, with no decisive differences apparent
between heats. Longitudinal and transverse specimens from
Heat-A possess about the same Ko values, although the lowvest
K1c was obtained for a transverse specimen.

Fracture Surfaces

Figure 16 illustrates fracture surfaces typical of transverse
and longitudinal shallov-crack specimens from Heat-A plate,
The transverse specimens exhibit surfaces characterized by
striations parallel to the rolling direction. Striations are

far less prevalent on the fracture surfaces of the longitudinal

specimens. The striations are probably related to the banded
microstructure illustrated in Figure 7. Work is presently
underway to further examine the nature of the fracture surface
striations.

SUMMARY ARD CONCLUSIONS

In summary the following conclusions may be made:

l. Ultrasonic inspection of Heat-1l and A plate indicated
acceptable soundness. However, metallographic examination

reveals the presence of inclusions which may be potentially

damaging.

2. The effects of aging treatment on uniaxial tensile prop-
erties are similar for both heats. However, Heat-1

appears to somevwhat more resistant to overaging than Heat-A.

This behavior might be related to the difference in
titanium contents.

3. The tensile properties in the longitudinal and transverse
directions are very similar, but ductility in the trans-
verse direction is generally inferior to longitudinal.

4. Hardness is not appreciably affected by aging treatments




of 1 to 12 hour duration conducted at temperatures from
875°F to 950°F. No definitive relationship exists between
hardness and tensile properties.

5. Net-fracture stress properties of Heat-l and A plate are
quite similar. However, transverse specimens from Heat-A
exhibit somewhat lower net-fracture stress values for a
given crack size than do longitudinal specimens. Also
fracture surface appearances are different for the two

vl antotdAna 'T'hnae A4 PParannaa
N Whd WAGE Vb WiilDd @ Ny b e W W

{3
ok e db Vo AP kY N N

23
w3

av Nnnaaihlv ha »alataed
o i BF alin b ahe o > ket W Wb

to the banded microstructure whic
this alloy.

o g

J
tends to prevail in

6. Plain strain fracture toughness values, Kic , are virtually
equal for Heat-l and A plate ranging between 100 and 125 ksi
Vin. No conclusive dependence on specimen orientation was
found from the limited data; however, transverse properties
may be somewhat inferior to longitudinal properties.

FUTURE WORK '
Heat-B plate and welding wire are on order. Upon receipt of

the material, the comprehensive evaluations of Heat-B will
begin in accordance with the proposed program.
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TABLE I
ULTRASONIC THICKNESS TRAVERSE FOR HEAT-1, PLATE 1

r - I—-— 108 -
pc |-765 168 .75 770 .TT5. TT8 .780 .80 .785 .785 .785 .785 .TT3 .775 .TT7 .770 .780 .78O .776
* .T75 773 .775 .780 .783 .780 .780 .780 .7T90 .78T7 .785 .786 .780 .783 .T78 .T75 .780 .780 .T70
.768 .775 .780 778 .783 .783 .7B3 .783 .790 .793 .787 .785 .785 .786 .780 .775 .782 .785 .7TTS
.768 .7T3 .783 .780 .780 .780 .783 .783 .787 .787 .790 .786 .783 .782 .780 .TTT .786 .783 .T67
-765 .TT0 .7TO .775 .TT8 .785 .780 .783 .790 .787 .787 .787 .785 .785 .780 .T7T .783 .780 .765
.768 .75 .T78 .780 .783 .783 .785 .785 .790 .793 .792 .788 .787 .786 .785 .780 .783 .782 .TTS
.TT0 .T70 780 .783 .783 .783 .788 .785 .793 .TO94 .T90 .792 .T6T .785‘.783 .783 .784 .783 .770
.TT0 .775 .T75 .780 .780 .780 .783 .783 .790. .793 .T90 .79% .790 .785 .785 .780 .785 .783 .T73
.T1S 770 .T75 .780 .783 .785 .783 .788 .783 .786 .792 .786 .78Bh .TO5 .792 .788 .787 .784 .TTL
.780 .780 .788 .T90 .793 .793 .800 .800 .796 .790 .795 .793 .792 .800 .795 .T90 .786 .T8L .TT1
.78 .780 .785 .785 .T90 .793 .795 .800 .792 ;789 .790 .86 .788 79T .790 .787 .T87 .787 .TTO
775 .783 .780 .785 .T90 .T90 .T95 .795 .790 .787 .792 .T88 .786 .795 .793 .792 .785 .782 .TT0
.T75 .780 .783 .785 .788 .795 .795 .798 .800 .805 .798 .802 .800 .T9T .795 .793 .786 .783 .7T73
.T75 .780 .783 .783 .785 .788 .790 .T90 .809 .806 .800 .80L .805 .798 .797 .793 .788 .785 .TT2
.T73 .T78 .T78 .780 .788 .790 .790 .T90 .807 .806 .804 .B0T .803 .798 .797 .T95 .787 .785 .7TT5S
.TT5 .780 .783 .788 .788 .793 .795 .T93 .806 .808 .807 .805 .803 .800 .797 .795 .787 .787 .T75
.TT3 .780 .780 .T83 .785 .788 .793 .790 .805 .803 .800 .800 .803 .798 .793 .793 .795 .788 .780
T2 .T75 .780 .784 .790 .788 .793 .T94 .803 .82 .Bo< .80k .802 .T97 .795 .790 .788 .786 .T76
767 .TT5 .780 .784 .T87 .790 .791 .795 .800 .803 .800 .Bok .800 .800 .793 .T90 .T8T .786 .TTS
.766 .T75 .782 .786 .786 .791 .790 .793 .800 .800 .803 .803 .800 .800 .800 .790 .787 .84 .TT2
olo" 768 .778 .780 .783 .785 .788 .T9L .791 .805 .805 .803 .803 .803 .800 .T9T .T92 .786 .T78 .763
.766 .780 .780 .T85 .767 .76T .T90 .T92 .805 .805 .803 .805 .803 .800 .796 .T93 .T85 .78 .766
166 .TTT .773 .784 .785 .786 .T92 .792 .803 .805 .803 .802 .800 .B0O .795 .795 .782 .782 .TTh
.783 .787 .790 .793 .T95 .793 .T93 .800 .795 .796 .800 .79T .792 .788 .786 .785 .780 .T80 .TTO
.780 .788 .793 .795 .780 .T93 .795 .T93 .800 .800..795 .795 .798 .787 .791 .785 .783 .780 .T70
780 .T88 .786 .T92 .T93 .T90 .79% .T93 .793 .793 .T97 .780 .790 .785 .790 .782 .T75 .TT5 .T60
780 .785 .790 .793 .800 .793 .795 .95 .800 .T96 .795 .T94 .795 .792 .788 .783 .785 .7B0 .TTO
JTTT 785 .791 .790 .793 .793 .791 .800 .795 .805 .800 .787 .794% .785 .782 .787 .787 .786 .7T75
.785 .790 .T93 .795 .T95 .795 .T9T .797 .800 .800 .795 .T87 .785 .790 .790 .783 .T80 .783 .T70
.85 .790 .793 .94 .79T .T95 .796 .795 .800 .T95 .T98 .791 .790 .T87T .786 .785 .783 .780 .765
.85 .T87 .T93 .793 .793 .795 .T9T .796 .T92 .800 .794 .792 .T795 .T93 .785 .786 .T85 .780 .TT0
.84 .793 .798 .T95 .T95 .T99 .T95 .T9T .790 .795 .T97 .T91 .T93 .T90 .785 .785 .785 .782 .7T7T5
.85 .T93 .798 .T95 .795 .T95 .795 .805 .789 .T95 .792 .T90 .T93 .790 .784 .783 .780 .80 .765
.780 .783 .T90 .T95 .T9T .803 .805 .805 .800 .795 .800 .793 .800 .T98 .803 .793 .85 .T80 ..T75
.780 .790 .T90 .793 .795 .T95 .79T .T798 .802 .804 .795 .T95 .795 .T93 .T92 .788 .780 .TTS .TTO
.T80 .85 .787 .T90 .7T93 .T93 .793 .795. 796 .T99 .T94 .T9%4 .T94 .T92 .T92 .786 .TTT .T15 .TT0
782 .T8T .T90 .793 .795 .T97 .798 .T98 .796 .T98 .798 .792 .793 .789 .791 .790 .780 .T75 .780
783 .T90 .T90 .T93 .795 .793 .T98 .800 .T97 .793 .BOO .796 .T97 .T93 .795 .790 .T82 .T8O .780
.780 .787 .T90 .T9T .795 .800 .800 .800 .804 .T95 .T95 .T9T .792 .788 .T95 .796 .780 .7BO .TTS

i .765 .TTT .780 .78T7 .T92 .800 .800 .800 .T95 .795 .T90 .790 .T82 .780 .T90 .T90 .786
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TABLE 1
ULTRASONIC THICKNESS TRAVERSE FOR HEAT 1 - PLATE 2

| - ceeconammiE AR HEAT 1 - PLATE 2 -
T CORLG AT ANLOS TR VR EE T
I
“_?:_ .795 .800 .803 .805 .805 .805 .805 .805 .B05 .805 .805 .803 .803 .800 .798 .790 .803 .795 .T6O
+ .795 .800 .805 .805 .808 .810 .810 .810 .810 .810 .810 .805 .805 .803 .800 .T93 .B05 .T95 .785

795 .803 .810 .810 .813 .815 .815 .B15 .805 .805 .805 .803 .798 .795 .800 .800 .808 .800 .T8B
.803 .808 .810 .813 .813 .815 .815 .185 .808 .818 .818 .815 .B15 .810 .810 .808 .813 .805 790 !
.803 .810 .808 .88 .818 .818 .818 .818 .85 .8p5 .825 818835813 T8I0 803 815 .803 T93 ‘
. 5816 .B15 .818 818 820 .820 .825 .6e5 .825 .823 .818 .815 .815 .810 .B15 .805 .T95)
J“aes 810 818 .818 818 820 .B20 .B25- .8e5 ~fey 625 ARY. 15,834, 808,815,805 ".800]
]800 Bes. 805 1813 818806 . 1885 ".820 825 - 825 825 823 513 ‘81(5 1818-.,810,38150.8107. 795} |
[ ]-803 788 813 .818 .818 818 620 . 1820 830 830" .825 .825 ,aeo,,aa.swaw,eom;aw 808,798}
i |.803 .805 .810..813 .18 .818 .818 .818 ._825 825 805 eea ,.829 .820..813 - -808 818 .8050.795] |
.803 .813..815 :813 .8as ;‘823'.823’*'{820 ;836 825 823 eeo 8e5. .eeo 819,813 :818 . .808 7987 ¢
i |.803 .808 .810 .820 .826 .823 .B2% iaes"."agggga 830, 835 ey £20 813, /813 51875810 Boo}"
| |08 810 B25 818 620 823 ~B23 83 -\835[",-’333%‘,]:830 833 . 823 820,813,810 815 810 . 795
i |.8b5. 808 813 .820 /818 820 B23- ‘823’.828"’.‘825 ‘.,825 .828 .823 .818 .815 .810 .815 .805 .795
\ 805,810,813 8161 820\ 88 25 o8 :

8833 .835 .830 .830 .825 .820 .B15 .815 .820 .810 .803
.805: 813 815,825 825" . 828 .830 .833 .838 .838 .838 .833 .628 .G28 .823 .815 .823 .813 .803
.805. .810 .818 .820 .B23 .823 .825 .825 .833 .835 .835 .833 .828 .825 .815 .813 .80 .810 .803

803 .808 .810 .820 .818 .825 .825 .825 .830 .830 .825 .828 .825 .825 .820 .810 .820 .810 .800
.808 .810 .815 .85 .823 .828 .815 .830 .835 .838 .833 .833 .828 .823 .83 .815 .825 .810 .B00
808

785 .T90 .T93 .795 .795 .798 .B0o .800 .800 .803 .805 .795 . 795 .T95 .T90 .798 .788 .TT8
785 .790 .T90 .T93 .795 .T95 .T95 .T98 .810 .800 .800 .800 793 .790 .T90 .795 .T88 .TT5
783 .788 .790 .T93 .795 .795 .T95 .T95 .T95 .T95 .T93 .T95 .793 .790 .788 .85 .793 .785 .TI5
183 788 790 .783 .785 (783 .793 .793 763 .95 .96 .96 788 .788 .783 .TH5 796 .85 .T76
783 788 .790 796 .96 .793 790 (793 .790 .96 .788 788 .T15 .83 .7B3 .86 .70 783 .TH3
JT18 780 786 783 .785 .785 .785 785 .7E3 .85 .783 786 .78 .TTE .T75 .T73 .85 .T13 .765
75 786 786 ,786 .86 .78 .780 .786 .7BO .TT8 .T78 .TBO .TTO .TTI .TTO .776 786 73 768
180 .780 .83 .785 .785 .785 .785 .785 .73 .785 .785 .783 .780 7T 778 775 785 778 768
788 790 (193 195 795 .795 (795 .795 .B08 799 .795 .T90 .T9O .78 785 785 .795 .790 .TTH
198 800 .808 ,808 .808 .813 .810 .808 .805 .810 .805 .803 .793 .793 .800 .790 .805 .79 783

. .813 .820 .823 .825 .825 .835 .828 .835 .838 7835 .835 .830 .823 .820 .818 .823 .818 .803
240" | 810 .815 .815 .820 .825 .828 .828 .828 .833 .835 .833 .830 .825 .828 .820 .815 .820 .815 .805
805 .805 .810 .815 .818 .820 .820 .823 .830 .828 .8§25 .825 .820 .818 .818 .810 .820 .810 .795
.798 .803 .805 .806 .808 .813 .813 .813 .818 .818 .818 .815 .810 .810 .805 .805 .813 .800 .T88
795 .800 .800 .808 .808 .810 .810 .810 .818 .818 .818 .815 .813 .808 .805 .803 .810 .800 .TB5
793 .798 .803 .805 .805 .810 .805 .808 .810 .815 .813 .810 .808 .805 .603 .800 .803 .T95 .T80
.790 .793 .798 .800 .803 .803 .803 .803 .805 .808 .810 .810 .808 .803 .800 .795 .803 .793 .780
.788 .790 .790 .798 .798 .803 .800 .800 .805 .805 .808 .808 .805 .803 .800 .798 .800 .T90 .TTS
800
795




TABLE IV
ULTRASONIC THICKNESS TRAVERSE FOR HEAT-A PLATE

”

~ "™
_%"_ .18 .780 .765 .T76 “TT5 . T80 .T82
—3— . T80 .782 .780 -783 B (: . 786 .78h
t 185 .788 .785 .784 .84 .786 786
.768 . 785 .T85 .762 .84 .786 788
786 .88 785  .786 .7 T -790
788 .94 789 .768 .84 .78 .786
790 . T90 786 . 786 .780 . 786 -T90
790 . T9R 788 . 786 .788 . 7688 . 788
792 .790 790 . 786 .788 -T90 . 7688
T90 .T90 788 . 788 . 786 .788 . T90
788 . 790 790 . 790 . 788 .7688 .786
790 .790 786 . 786 .86 786 . 786
788 . 785 T84 . 786 . T84 T8 . T84
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TABLE V

HEAT-A PLATE TENSILE DATA

SPEC. NO SPECIMEN 0.2% ULTIMATE % %RED.
ORIENTATION YIELD STRESS, ELONG. IN AREA
STRESS, kei (2 1in.
xsi __GAGE)
AP 31 L 253.0 259.0 11.0 45.5
AP 32 L 252.0 258.5 11.0 44%.9
AP 33 L 253.6 258.8 1.0 Lk.0
AP 34 T 255.0 260.8 8.0 32.5
AP 35 T 252.0 260.0 10.0 36.6
AP 36 T 254.0 260.3 9.0 38.8
NOTES:
1. LeLongitudinal
T=Transverse

2. All results obtained with 0.505-in. diameter specimens.
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HEAT “A" PLATE LAYOUT

4.1.2"A" LONG
6x .505 TEN CYL2 CUT 6" x 23%

(19 PCS)
SPCS ELSEWHERE
4.1.1.4 “A" LONG
4.1.1.4 “A" TRANS. FRACT. TOUGH.
FRACT ROUGH (3PCS9" x 24")
{3PCSIx 24) y

4114 A"
=

4.1.2 “A’" TRANS TENSIL

24 PCS
4.12"A" LONG
— 4.1.1.3 A" TRANS ) cuT )
6 x :505 TENS CYL }6" x3% CUT 2% x 18¥""< 6 x .505 TEN CYL
3PCS (5 PCS)

(19 PCS ELSEWHERE)

4.1.1.3 A" LONG
CUT 1" x 18%"'S 6 x.505 TENS CYL
(3PCS$)

w'l
ROLLING DIRECTION —=

FIGURE 3
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LAYOUT, HEAT-I, PLATE NO.2
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LAYOUT, HEAT-1, PLATE NO. 1
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AS RECEIVEDHEAT-A PLATE
TRANSVERSE SECTIONS ILLUSTRATING
CHARACTERISTIC BANDED APPEARANCE (A)
AND OCCASIONAL INCLUSIONS (B)
MIXED ACIDS PLUS CUPRIC CHLORIDE ETCH 250 X

FIGURE 7
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HARDNESS, ROCKWELL “C”

, EFFECT OF AGING TIME AT 850, 875, 900, AND 950°F
ON THE HARDNESS OF HEAT-1 18Ni-7C0o-5Mo AIRMELTED PLATE

4]

! [
SCATTERBAND FOR SPECIMENS AGED

FROM 850 TO 950°F
50
AGING TEMP., °F
A 850
45 O 815
° O 900
& 950
0 +
0 i 4 6 8 10

AGING TIME (HOURS)

FIGURE 13
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TRANSVERSE SPECIMEN AP4-5

LONGITUDINAL SPECIMEN AP4-2
TYPICAL SHALLOW-CRACK SPECIMEN FRACTURE

LR Ly UL O

SURFACES. HEAT—A PLATE.

FIGURE 16




APPENDIX I

‘ TENTATIVE DOUGLAS MATERIAL SPECIFICATION, DMS-1835, (REVISED 4-11-63)
STEEL PLATE, 18% NICKEL MARAGING, 240,000 psi YIELD STRENGTH

ACKNOWLEDGEMENT

A vendor shall mention this specification number and its re#ision letter
in all quotations and when acknowledging purchase orders.

FORM
Plate

APPLICATION

The material covered by this specification is primarily intended for
use in welded motor case assemblies at yield strengths of 240,000 psi.

APPLICABLE DOCUMENTS

The following documents of issue in effect on date of invitation for bids,

form a part of this specification:

Federal
Test Methods Std. No. 151

Aeronautical Material Specifications
AMS 2252

American Society for Testing Materials

ASTM E 45 Method A

ASTM Standards, 1958, Part 3

ASTM, 1956

As'm A-435-59T

Metals: Test Methods

Tolerance, Alloy Steel
Sheet, Strip and Plate

Determining Inclusion
Content of Steel

Metels, Test Methods

Standard Method for
Chemical Analysis of
Ferrous Metals

Specification for
Ultrasonic Testing and
Inspection of Steel Plates

Macrograph Standards for
Steel Bars, Billets and
Blooms

35
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COMPOSITION

The composition shall be as follows:
Element Chemical Content, Weight %
Nickel 17.0 - 19.0
Cobalt 7.0 - 8.5
Molybdenum 4.6 - 5.10
Titanium 0.40 - 0.60
Carbon 0.03 mex
Silicon 0.10 max
Manganese 0.10 max
Sulfur 0.01 max
Phosphorus 0.01 max
Aluminum 0.05 - 0.15
Boron 0.003 max added
Zirconium 0.02 added
Calcium 0.05 added

MELTING PRACTICE

The steel shall be manufactured by acceptable electric furnace air
melting practices with or without vacuum degassing.

CONDITION

The plate shall be furnished hot rolled, annealed, completely descaled,
and protected against corrosion.

Annealing Practices

Annealing shall consist of heating the plate in air to 1500 + 250F
for one hour per inch of cross section or one hour minimum time

at temperature, whichever is applicable, followed by air cooling
to room temperature.

Hardness
Plate supplied in the annealed condition shall have a Rockwell
"C" scale hardness value of 34 maximum, or 341 Brinell, maximum.

Corrosion Protection
All surfaces shall be free of rust and contamination and protected
from corrosion as agreed upon by the vendor and purchaser.

TECHNICAL REQUIREMENTS

Mechanical Properties, Aged
Each plate shall be tested in directions parallel to and perpen-
dicular to the finish rolling direction, after heat treatment at

two cycles (noted below), and shall meet the following minimum
properties:
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Ultimate Tensile Strength, psi, minimum 245,000
Yield Strength, 0.2% Offset. psi, minimum 240,000
Elongation, % in 2 inches, minimum 6
Reduction in Area, % minimum (round bar test) 30

The material shall be heét treated as follows:

159F, 3 hours, air cool

Cycle 1: 900 +

~ ~ ~ ~mam T ~Or P N -

Cycle 2: : 900 + 15°F, 12 hours, air cool
Bend Test

Material supplied in the annealed condition shall be capable of
sustaining the following maximum bend radius, after vending
through an angle of 90° after springback. Specimens shall be
bent so that the axes of bend are parallel and transverse to the
finish rolling direction.

Meximum bend radius = 2T (where T = thickness of plate).

Cleanliness

Every plate must be sampled for microcleanliness. ILimits shall
conform to the requirements of ASTM E-45-Method A, thin and
heavy series as follows:

Thin Heavy
A 1.0 1.5
B 1.0 1.5
C 1.0 1.5
D 1.5 1.5

Internal Soundness

Internal soundness shall be determined by ultrasonic test tech-
niques in conformance with ASTM A-435-59T. longitudinal wave
100% surface inspection with rejection limits of 40% on 2-1/2"
back reflection.

QUALITY

The plate shall be uniform in quality and condition, clean, sound, smooth,
and free from foreign materials and from internal and external defects
-detrimental to fabrication or performance of parts. The surface shall

be free of pits, scratches, seams, laps, or other defects. Surface
defects may be removed by grinding so long as minimum dimensional
tolerances are not exceeded, and grinding takes place prior to final
annealing.

TOLERANCES

Thickness, width, length, and flatness tolerances of plate shall conform
to the latest. issue of AMS 2252. In addition, the thickness tolerance
shall not exceed plus 0.060 inch, minus 0.0l inch for plate l-inch

thick or less, regardless of width or length.
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Code 18355 DLP13.822

ISSUE OF 6-27-62

.. AIRCRAFT COMPANY, INGC.

DOUGLAS LABORATORY PROCEDURE PAGE
Tme: TECHNIQUE FOR MAKING SHALLOW- CRACKS Il
SHEET METAL TENSILE SPECIMENS
A. SCOPE & USE:
This Laboratory Procedure describes the method for making shal low-
cracks in sheet metal tensile specimens,
B. EQUIPMENT:
1. 3600 RPM 50 Ibs. capacity Krouse Sheet Filexure Fatigue Machine,
2, Two wedge type support blocks to clamp the specimen (Figures |
and 2). These blocks shouid be made of a material that |s as
hard or harder than the specimen material. 4340 stee! suppor?
blocks hardened to RC 53 have been used successfully for highe
strength stee! specimens.
3. Two adapter blocks to attach the specimen to the connecting rod
of the fatigue machine, (Figures 3 and 4),
4, 40 power microscope with an eyepiece scale graduated in 0.001",
C. SPECIMEN PREPARAT|ON:

I. The specimen used is a pin-ioaded tensile specimen as shown [n
Figure 5,

2. The specimen which is to be cracked is ground or sanded so that
the grinding or sanding striations are in the longitudinal di-
rection of the specimen (normal to the crack length). |t may be
necessary to grind both sides of the specimen to maintain fiatness,
In grinding, not more than 0,00l inch thickness of material Is
removed with one pass, Preferably, high-strength stee! Is ground
in the annealed condition to prevent grinding cracks and burning,

3. An electrical discharge machined starter notch (0,003 Inch deep,
0.004 inch wide and 0.006 inch long) is made in the specimen at
the desired location of the shallow-crack.
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4, The specimen is then heat treated to the desired sfrehgfﬁ )
level, if required, using heat treat fixtures where necessary
to maintain flatness.

5. The sharp corners and the specimen surface, on which the
shallow-crack is to be introduced, are polished using No. 100
abrasive cloth first and finished with No. | abrasive polishing
paper. The specimen is aiways polished in The iongitudinal
direction of the specimen.

PROCEDURE :

I. The specimen is placed (polished surface facing up) between the
two wedge-shaped support blocks and its position adjusted so
that the electrical discharge machined starter notch is located
approximately /16 inch directly in front of the tip of the top
wedge shaped block. (Figures 6 and 7).

2. The free end of the specimen is attached to the connecting rod
of the tatigue machine by means of the two adapter blocks.
(Figures 6 and 7).

3, By means of an adjustment screw near the fixed end of the specimen,

the height of the specimen is adjusted so that the stress on the
polished top surface of the specimen is always tension, never
compression.

4, The eccentric of the tatigue machine is 2djusted so that the

initial crack occurs within a convenient time, about 2 to 5 minutes.

An eccentricity of 16 to 20 divisions (deflection of 0,48 to 0,59
‘nch respectively) is satisfactory for high-strength steel.

5. The microscope is focused on the polished top surface of the
specimen so that the electrical discharge machined starter notch
is visible in the center of the field of view. (Figure 7).
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6, The fatigue machine is then turned on and aliowed to run for &
short time, one or two minutes, The tatigue machine |s Yhen
stopped and the specimen surface viewed through the microscope
to see if & crack has initiated from the starter notch, 1 There
is no crack, the fatigus machine is run again for @ short Time ané
the specimen surtace viewed again. This procedure (s repedted
unti| a crack has initiated from the starter notch. The erack
length is then measured with the gradusted eyepiece of the migro-
scope. Cycling is continued unti! the desired crack leagth is
obtained. Approximate relations between crack length and ¢rack
depth for 0.070 inch high-strength steel, 0.050 ineh 6A|-4V
Titanium, 0.050 fnch 5A1-2.5 SN Titanium, 0.100 inch and 0.230 inch
2014-T6 Aluminum are presented in Figures 8 and 9.

7. The crack length and number of cycies sre recorded and the spacimen
is removed from the fatigue machine.

J. L, Waisman R, A, Simpson, Chief

Assistant Chief Design Engineer Materials Resesrch & Process Inglneer
Materials Research & Production Methods Alrcraft Division

Missile & Space Systems Division

J, E. Garol, Chiet
Materials & Process Engineer
Tulsa Division

SLP:bn



APPENDIX II

csuiyoee enbjie)
8yy JO Oy2Quq pEx|j eyj OF uswideds
oys Buidee)d> 40y ¥201q jsoddas dojy

! 3un9nd

- e e = o
ly e n—
- o am e o

e wte W > - -

000°Z

Y osL’

/

a oz* L
‘a1p 02°
¥ 99/1 |— 059" —
01§ —

A



42

APPENDIX IT

the
the

1
t of

FIGRE 2

SENE. "a e

spocimen to the flxed brex
tetigue aachine.

Bottom support block for clemp

1

—.490 —=f




APPENDIX II

couiyoom enBiie; eyy jo pos Bupideuvuod ey oy uswideds ey} Bujyseiye Joy ¥I0|q Jeidepe doy

¢ oI

——————  000§°Z —————

1
rl IL

.¢w\\— _ ﬁcm\_
=y

f>—000° | —e4<+—000"} —=

oS

o - -
———
-~ 4

[
A

- -

8L

- - -
i

[}
| |
_ _

o ot 4\3 Q
| / |

peeay) gl‘\ e|OH O{OH peesyyi gZ-v/1

“e§Q oZi° ‘e1Q sie”

B

43



APPENDIX II

*sujyoom enliis) eyy 3o poas Bujidevued B4 Of vawpdeds eyy Buiyde 40 20 OO|q S8 depe WOL408
¥

¥
ose* N
|l*|1 + L4 E

OIH “®10 02° |e 0Z°| —ote— 0GZ°1 —aq  O1OH 910 OR"




APPENDIX IXI

*p8| j1D8ds 8S{MIIYIO SSIIU
wZ00°0 * Jew}deQ
W2/t T suojdeuy

TINVEI0L

r|..|l°\ =) —™

\'/

*WwZ00°0 VUM 3 UO 8q jSMY S3|OH °¥

cumoys se 3dedxe GZ| Swy 3q O} §| usjuld °¢

*dieys }j8| 9Q 04 uo||das padsnpaa jo sabp3y °Z

*sebugyd jdniqe OU YJiMm UMOYS S@ JBJUSD SPIRMO} UO||DIs
pa3npaJ §O SPua JIJNO WOJ) S8P|S Yyoq uo uadey jenba |enpesg |

TIION

wZGl*®
¥ .¥/E
4 OGZ°
+

wl/l1-C

7T\

1

e’

* WwOsL S

8

N3WIJ3dS FTISNIL L133HS OAOVYD MOTIWHS

NOI1 S
o

i e e

45




APPENDIX II

/ /CONNECTTNG ROD

SPECIMEN

FREE ENO
,8LOCK

FIXED END
SUPPORT BLOCK

FREE END
BLOCK

3
!

Set-up tor meking shallow erack (expioded view).

QE
!

46




APPENDIX II

m
St
N




, Ails

CRACK LE

APPENDIX II
e 8
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EIGURE 9

RELATION BETWEEN CRACK LENGTH AND CRACK DEPTH OF SHALLOW-CRACKS IN
0.050 IN, 6AL-4V TITANIUM, 0,050 IN, 5AL-2.5 SN TITANIUM, 0.100 IN,
AND 0.250 IN, 2014-T6 ALUMINUM,

SHALLOW=CRACK DEPTH, INCH
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APPENDIX III - TENSILE DATA SUMMARY

UNIAXIAL TENSILE DATA - HEAT 1 PLATE

SPEC. AGING TIME 0.2% ULTIMATE %
NO. TEMP. , AT YIELD STRESS, ELONG.
OF TEMP. STRESS, ksi (2-in.

HRS. ksi GAGE)

2-4 875 3 247.3 252.5 10.0
2-8 875 3 24k .8 250.8 11.0
2-10 875 3 247.8 253.7 10.0
2-22 87s 8 NA 263.9 8.0
2-23 875 15 NA 268.3 9.0
2-6 900 3 257.7 264 .2 8.5
2-7 900 3 259.1 264 .4 8.5
2-8 900 3 260.7 265.2 9.0
2-16 900 8 NA 266.6 9.0
2-24 900 8 NA 265.7 8.0
2-25 900 8 NA 264.0 9.5
2-26 900 15 NA 269.1 9.0
2-5 925 3 263.5 267.2 9.0
2-12 925 3 265.7 269.2 9.0
2-13 925 3 259.7 267.7 10.0
2-28 925 8 NA 266.5 7.5
2-29 925 15 NA 266.5 9.0
2-30 950 3 NA 269.0 8.0
2-17 950 8 NA 261.6 10.0
2-31 950 8 NA 263.5 8.5
2-32 1000 1 NA 255.0 9.0
2-18 1000 3 NA 252.4 9.5
2-33 1000 3 NA 255.0 10.0
2-19 1000 8 NA 242.9 12.0

1. All results obtained with 0.505-in. diameter specimens
2. Not available
3. All specimens longitudinal




APPENDIX III - TENSILE DATA SUMMARY

UNIAXTAT TENSILE DATA - HEAT A PARENT PLATE
MARAGED AT 8T50F

SPEC. TIME AT SPECIMEN 0.2% ULTIMATE % ELONG. %RED.
NO. TEMPERATURE ORIENTATION YIELD STRESS STRESS (IN 2" IN AREA
(HOURS) (ksi) (ksi) GAGE)
AP21 1 L 240 .4 248.8 10.5 L7.4
AP22 1 L 238.6 246.5 11.0 48.2
AP225 1 T 236.8 245.5 10.0 39.6
AP226 1 T 234.8 240.0 9.5 40.1
AP23 3 L 250.1 260.9 11.0 44,3
AP2L 3 L 254 .2 259.9 12.0 51.1
AP227 3 T 248.6 258.3 9.5 4o.7
AP228 3 T 250.4 259.8 8.0 36.6
AP2S 6 L 254 .7 263.4 9.0 43.5
AP26 6 L 259.1 265.7 10.0 39.5
AP229 6 T 2k9. 4 264.7 7.0 35.7
AP230 6 T 255.3 265.3 6.5 36.7
AP27 12 L 265.4 271.5 8.0 37.6
AP28 12 L 264 .5 272.5 8.0 37.7
AP231 12 T 264.9 272.0 8.0 32.8
AP232 12 T 261.9 270.7 8.0 29.8
1. L = Longitudinal
T = Transverse
2 All results obtained with 0.505-in. diameter specimens.

3
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APPENDIX III, Con't. - TENSILE DATA SUMMARY

UNIAXIAL TENSILE DATA - HEAT A PARENT PLATE

MARAGED AT 900°F

SPEC. TIME AT SPECIMEN 0.2% ULTIMATE % ELONG. %RED.
NO. TEMPERATURE ORIENTATION YIELD STRESS STRESS (in 2") IN AREA
(HOURS) (ksi) (ksi)
AP29 1 L 24h3.2 249.9 10.0 45.2
AP210 1 L 240.0 249.9 10.0 45.5
AP233 i T 239.2 249.9 8.0 34.0
AP234 1 T 242.3 250.6 9.0 36.6
AP211 3 L 255.2 261.6 10.5 42.2
AP212 3 L 255.0 261.6 8.0 37.6
AP235 3 T 252.2 262.9 8.0 32.7
AP236 3 T 256.0 261.8 7.0 32.0
AP213 6 L 260.3 265.7 9.0 39.1
AP21k 6 L 259.8 265.4 10.0 42.8
AP237 6 T 260.8 267 .4 8.0 34 .4
AP238 6 T 259.1 267.0 8.0 35.3
AP215 12 L 261.8 268.2 10.0 43.5
AP216 12 L 259.8 266 .4 9.0 39.0
AP239 12 T 260.9 268.5 6.5 34 .4
AP240 12 T 261.9 268 .4 7.0 '
NOTES:
1. L = Longitudinal
T = Transverse
2. All results obtained with 0.505-in. diameter specimens.




APPENDIX III, (Cont'd) - TENSILE DATA

UNAXTAL TENSILE DATA HEAT A PARENT PLATE MARAGED AT 950°F

SPEC. TIME AT SPECIMEN 0.2% ULTIMATE % ELONG. % RED.
NC. TEMPERATURE ORIENTATION YIELD STRESS STRESS (IN 2") IN AREA
(HOURS) (Ks1) (KSI)
AP217 1 L 247.8 255.5 10.0 ko .2
AP218 1 L 248.3 254, 7 10.0 49.6
APl 1 T 247.6 254.5 9.0 39.0
Ap2lo 1 T 247.0 _254.6 8.0 33.0
AP219 3 L 251.7 260.1 11.0 L8.1
AP220 3 L 250.6 260.4 10.0 L. 2
AP243 3 T 25k,2 261.3 10.0 38.7
AP2LY 3 T 254.7 261.6 7.0 36.6
AP22]1 6 L 250.6 256.3 10.0 39.2
AP222 6 L 247.8 256.3 11.5 WL, 7
AP245 6 T 251.7 259.8 10.0 35.7
AP2L46 6 T 252.7 259.6 10.0 35.7
AP223 12 L 239.9 247.6 12.0 37.4
AP224 12 L 240.7 248.1 13.0 50.9
AP2L4T 12 T 243.5 252.4 10.5 39.1
AP248 12 T 241.9 251.2 10.5 hl.1

l. L = Longitudinal

T = Transverse
2. All results obtained with 0.505 in. diameter specimens.



